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One of the most remarkable features of the high-Tc superconducting materials is 
their large anisotropy of the crystal lattice and, consequently, of the 
superconducting properties, too. It was shown recently that torque magnetometry 
is a useful method for investigations of anisotropic magnetic properties of high-T 
superconducting single crystals 11, 21.  Moreover, the method is also well suited 
for investigations of superconducting films as shall be demonstrated for the special 
case that the external field is slowly rotating in the film plane. In this way we 
tried to check the result of Roas et al. I31 who found in-plane isotropy of the 
critical current density j in contrast to the large j anisotropy perpendicular to 
the film plane. 
YBa2Cu307-x films on (100) SrTi03 substrates were prepared by laser ablation 
using an excimer laser. The deposition system is described elsewhere /4/. The 
films grow highly textured with the c-axes perpendicular to the mirror-like 
surface. For the X-ray rocking curve of the (005) film reflex we measured a 
width at half maximum of 0.75'. For torque measurements the film was carefully 
oriented with its plane, i.e. the CuO planes, parallel to the field-rotation plane 
(angle deviation < 0.15'). Measurements were carried out in external fields of 
16 kA/m H < 400 kA/m at T = 19 K. 
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Typical torque curves are shown in Fig. 1. The measured torque is nearly 
independent of the angle @. The small remaining anisotropy in Fig. 1 can 
quantitatively be explained by the residual misorientation. Remarkably, the sharp 
torque extrema due to vortex pinning at  twin boundaries reported previously for 
single crystals / 5 /  are missing for the present film. The losses derived by 
subtracting the forward and backward branches of the torque curves I21 are 
nearly isotropic. Since, according to Fruchter et al. 161, the critical current 
density is proportional to the losses the result of Roas et al. is confirmed by our 
present experiments. 
In order to estimate the pinning force acting on the vortices, we assumed a 
homogeneous distribution of defects and straight vortex lines. Then, the mean 
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Fig. 1. Torque G as a function of the angle @ between external field H and 3n 
arbitrary direct ip  in the film plane. The symbols ( o ) and ( ) mean forward ( G )  
and backward ( G )  rotation of H ,  respectively. Field strength is 16 (a ) ,  96 (b) ,  
and 400 kA/m (c) 
pinning force per unit length is, according to a formula given by Fuhrmans and 
Heiden 1 7 1 ,  
f = 3nAGQo/(8BVR) , (1) P 
* c 
Fig. 2 .  Losses A G ( @ )  = G ( $ )  - G ( @ )  derived f rom Fig. 1 for the field strength 16  
( a ) ,  96 (b ) ,  and 400 kA/m (c)  
S h o r t  Notes K163 
averaged o v e r  41 = 0 t o  360' as a 
func t ion  of the external f ie ld  H 
Fig. 3. Mean value of AG( @ 1 
w h e r e  B ,  V ,  and R mean the induc t ion ,  
the volume, and the radius of the film, 
respectively. a0 is the f l u x  quan tum.  
AG can be taken from Fig. 3.  F o r  
R = 0.5 cm and a film thickness of 
600 nm we obtain a pinning fo rce  f 
P 
montonously increasing from 6x10-" ( B  
= 0.05 T )  t o  1 . 5 ~ 1 0 - '  N / m  ( B  = 0.5 T ) .  
A s  shown  in Fig. 3 the los ses  appear b e y o n d  a certain th re sho ld  f ie ld  Hc and 
increase linearly with the f ie ld .  I n  recent invest igat ions 121 of single crystals we 
ident i f ied Hc with the lower critical f ie ld  Hcl. I n  this w a y  we obtain f o r  the 
present film H = 20 k A / m  which is o n e  o r d e r  of magnitude higher than the 
single-crystal value f o r  the ab plane. The d i f f e rence  is p r o b a b l y  caused by the 
small film thickness which is at 79 K in the o r d e r  of the London pene t r a t ion  depth 
o r  less. 
c l  
Refe rences  
/I/ C. GIOVANNELLA, L. FRUCHTER, G. COLLIN, and I .A.  CAMPBELL, 
Physica 153/155C, 1473 (1988). 
121 W.  ANDRA, H. DANAN, and R .  HERGT, 
phys. stat. sol. ( a )  111, 583 (1989).  
/3 /  B .  ROAS, L .  SCHULTZ, and G .  SAEMANN-ISCHENKO, 
P h y s .  Rev.  L e t t e r s  64, 479 (1990).  
/ 4 /  J. BETZ, H. LENGFELLNER, E. DUSCHL, K. MEIDENBAUER, 
and K.F .  RENK, Phys ica  162/164C, 133 (1989).  
/ 5 /  R .  HERGT, W .  ANDRA, K. FISCHER, N.M. TCHEBOTAEV, 
and S.L.  TOWN, phys. stat. sol .  ( a )  12, 241 (1990). 
/ 6 /  L. FRUCHTER, G.  FILLION, and I .A .  CAMPBELL, 
in : P r o g r e s s  in High Tempera tu re  Supe rconduc t iv i ty  , 
Ed. W.  GORDSKOWSKI, M. GUTOWSKI, A. REICH, and H. SZYMCZAK, 
World Scientific, S ingapore  1990 ( p .  127) .  
/7/ M. FUHRMANS and C.  HEIDEN, Cryogen ics  16, 451 (1976). 
(Received November 23, 1990) 
